One important rationale for federal funding of social science research is its role in addressing pressing social problems. In this article we examine the impact of the National Science Foundation's (NSF) Information Technology Workforce Program (ITWF) on broadening participation Computing and Information Technology careers. Established in 2000 in response to the declining participation of women and minorities in Computer Science education and Information Technology Careers, the ITWF supported close to $30 million in research before it ended in 2004. We document the quantitative and qualitative effects of this research funding both to illustrate the complex ways in which R&D funding can advance scientific understanding and to identify the challenges that such problem-driven social science research may encounter. The problem of diversity in the IT Workforce has not been solved, but we conclude that the ITWF program nonetheless had important effects on understanding of this problem and efforts to address it. 
Introduction
The rapid and sustained decline in the costs of computers and computation since the late 1970s has been one of the leading forces for economic change in the United States and the global economy. Successive waves of innovation, from the mini-computer to the personal computer, to cloud computing and smart phones have reshaped large sectors of the economy and contributed to the very rapid growth of the Information Technology (IT) workforce (Rosenbloom et al 2006) . Within higher education this transition has been paralleled by a rapid, though highly uneven, growth in the numbers of undergraduate degrees awarded in computer science (see Figure 1 ). After rising very rapidly in the late 1970s and early 1980s from a few thousand in 1970 to a peak of close to 40,000 in the early 1980s, computer science majors fell off and plateaued in the 1980s before rising again after 1989; reaching a new peak of more than 50,000 in the early 2000s. By the late 1990s, with the personal computer revolution well underway and the internet-economy beginning to take off, the challenge of meeting the nation's demand for an appropriately trained computing workforce was becoming increasingly apparent in the United States. Measuring the IT workforce is complicated, as the skills required and tasks involved have changed dramatically over time. Nonetheless, by one estimate, from 1983 to the peak of the technology boom in 2000, the number of IT professionals more than doubled, rising from 1.47 million to 3.13 million. Over this same period wages earned by IT workers grew substantially faster than for non-IT workers, which suggests the growth of demand for IT workers outpaced the economy's ability to supply them (Rosenbloom et al 2006, p. 851) .
Despite the growing opportunities in the IT sector there were also several disturbing trends becoming apparent by the late 1990s. Most striking were the growing gender and racial disparities in entry into and persistence in the IT workforce. Until the mid-1980s, as the number of computer science majors expanded, the field had attracted a growing number of women. Starting at less than 15% in the early 1970s the share of women earning Bachelor's degrees in Computer Science had grown to nearly 40% by the mid-1980s (see Figure 2 ). But from 1984 onward, the proportion of Computer Science degrees awarded to women had declined, dropping below 30 percent by the early 1990s and continuing to fall. Meanwhile the share of women among IT professions was also declining as the composition of these jobs shifted toward more male-dominated professions. In 1983 nearly 43% of full time IT professionals were women, but this figure had fallen to just 30% by 2002 (Rosenbloom et al 2006) .
It was against this background that the National Science Foundation's (NSF)
Computer & Information Science & Engineering (CISE) directorate initiated in early 2000 a research program on the Information Technology Workforce (ITWF) (Wardle 2003) . Like many other social science research initiatives, the ITWF program was motivated by a perception of a societal problem and the desire to harness research to identify ways of 4 addressing this problem. Given expectations of strong employment growth and high wages in the IT sector, encouraging women and minorities to enter the field was seen by policy makers as a strategy for addressing issues of pay and employment equity, while reducing potential shortages of skilled workers in this critical field. Moreover, the small numbers of women and minorities in IT careers meant that IT products might fail to adequately reflect the needs of a large segment of society. In this article we look more closely at the products of this funding initiative. In doing so we have two purposes. First, the underrepresentation of women and minorities remains an issue in Computer Science programs and in Information Technology companies.
By taking a comprehensive view of the activities and outputs of the ITWF program we hope to offer insight about how future research on this topic might be more effective in addressing these problems. Second, the ITWF program offers a case study of a more general phenomenon in which research funders seek to harness social science research to generate findings that will offer guidance about how to address pressing social issues.
We believe that a careful examination of the ITWF offers insights both for funding future programs and for the design of appropriate evaluation methods for these efforts.
First, as the following discussion makes clear, tracing the impacts of R&D programs requires accounting for the complex and multi-dimensional ways in which knowledge is created, diffused and applied. Evaluation methods must be sufficiently broad-based to capture these effects. Second, we suggest that for some types of research the investigatordriven model of research funding on a specific topic specified by the NSF (as in the case of the ITWF) may be an impediment. In many areas of social science research, on-going data collection efforts may not be sufficiently detailed or collect the information needed to resolve well-posed research questions. Scholars must either draw inferences from imperfect data or develop data collection methods of their own. As we describe many of the researchers funded by the ITWF program pursued this second path. However, small, uncoordinated data collection efforts may be a costly and ultimately ineffective way to shed light on the unresolved issues identified by scholars.
We begin by briefly reviewing the background and goals of the ITWF program and providing an overview of the research that it supported between 2000 and the end of the program in 2004. 1 We then turn to the task of identifying the impacts of the program. As this discussion makes clear, gaining a complete picture of the research supported requires adopting a variety of different methods and grappling with the inherently intangible and uncertain results of adding to the stock of knowledge and understanding. The final section seeks to distill lessons from this examination both about the impact of the program and about the challenges of harnessing social science research to address societal problems.
NSF's IT Workforce Program
As is common at NSF, prior to launching a new program the CISE Directorate first sought the input of the scholarly community about the state of knowledge and open questions relating to the participation of women and minorities in the IT workforce. In the Fall of 1999 two virtual conferences were held during which a number of scholars participated in online forums established for the purpose (Carver 2000; Garcia and Giles n.d.) . 2 Following the recommendations emerging from the reports of these conferences for additional research CISE solicited proposals through a Dear Colleague Letter issued in early 2000. This initial solicitation was followed by the establishment of a distinct program, designated ITWF (NSF 01-33), directed by Caroline Wardle. 3 The Dear Colleague Letter, issued in early 2000, articulated three basic research themes that the program sought to support. These were:
•
The role of environment and culture: promoting understanding of the reciprocal relationships between environment, culture and social contexts on the one hand, and interest in IT at different ages on the other.
• The IT Educational Continuum: promoting increased understanding of how educational factors affect student progress from grade school through postgraduate education, and what factors impede or encourage students with the potential to succeed in the study of IT disciplines.
• The IT Workplace: promoting understanding of the career paths that women and minorities follow in entering and remaining in IT careers and identifying the barriers and obstacles that contribute to their underrepresentation.
The letter went on to encourage multi-disciplinary and collaborative research efforts using a variety of methods.
The program continued to make awards for four years, making its last award in Table 1 includes information about the data sources used for each project.
Impact Assessment Methods
There are by now several significant strands of literature around the assessment of the impacts of R&D programs. Much recent discussion in Europe has focused on the concept of "additionality" (see David, Hall and Toole 2000; Gok and Edler 2012) . As this literature emphasizes, the effect of public R&D programs should be assessed relative to an appropriately framed counterfactual scenario in which the program is not undertaken.
Additionality thus reminds us that public R&D funding might simply substitute for private investments, or that investments made at one level of government (such as the European Union) might substitute for those made at other levels (e.g., national research funding here to attempt to assess the value of these foregone alternative research activities (although this opportunity cost should be borne in mind). Instead, we choose to focus primarily on accounting for the ways in which ITWF funding advanced scholarship and promoted development of a research community.
The NSF's proposal review criteria specifically ask reviewers to consider both the "intellectual merits" and the "broader impacts" of a project. Intellectual merit relates to the knowledge created and disseminated to the scholarly community. Most immediately, the goal of research is to increase the stock of useful knowledge through the collection of new data, development or refinement of theoretical perspectives and models used to interpret these data, and the education of new scholars familiar with this data. NSF's broader impacts criterion encompasses the potential benefit to society and contributions to specific, desired societal outcomes. In what follows we organize our discussion of the ITWF program impacts around these two criteria.
To assess the ITWF program's intellectual merit, we begin by considering publications that resulted from the funded research, and the impact of these publications on subsequent scholarship measured by citations. Measuring broader impacts is necessarily more difficult and criteria must be tailored to particular programs and projects.
Impacts of the ITWF Program
In choosing to foreground issues of gender and race in the IT workforce, the National Science Foundation was clearly hoping for the broader impact of encouraging greater recruitment and retention of women and underrepresented minorities in Computer
Science degree programs and IT careers. In the 15 years since the program was initiated however, the proportion of women earning Bachelor's degrees in Computer Science has fallen, while the share of women in IT-related occupations has remained persistently low. It is, however, unreasonable to judge the efficacy of a research program such as the ITWF program by its ability to affect these aggregate statistics, especially given the relatively modest financial investment in the program. As we elaborate below, there are other criteria for assessing broader impact that are more appropriate.
Intellectual Merit: Publication Impacts of the ITWF Program
While the ITWF program was ongoing there were annual meetings of Principal
Investigators that served as a forum for disseminating research results, and facilitated both formal and informal communication between researchers involved with different projects.
Each meeting resulted in a collection of abstracts describing the progress of individual projects. These volumes of progress abstracts offer a valuable collection of research results, but they were not distributed widely beyond the group of conference attendees. The results of our investigation are summarized in Table 2 Citations are often used as a metric of the importance or impact of publications. The last column of Table 2 shows the aggregate number of citations to the Web of Science indexed articles by each Principal Investigator. Like the publication data, the citation counts tend to be highly skewed and for the most part correlate with the number of publications. a This column indicates whether the the study was an intervention (I) or analytical study (A) and what point in the education-workplace continuum it studied: Pre-College (P-C), College (C) or the Workplace (W).
Only three of the projects that resulted in at least one publication were interventions. These three projects addressed the use of pair-programming in introductory computer science classes, creating more inclusive environments in computer science and gendered approaches to human computer interfaces. Among the analytical projects there is a greater diversity of topics and approaches, but most dealt with factors influencing the recruitment and retention of women and minorities in college or the workplace.
Citations are of course only one metric of influence. It is possible, for example that articles describing interventions led to their replication in other places. By itself this diffusion of instructional techniques would not be reflected in any of the evidence we can observe.
Broader Impacts Beyond Publication
Publication data are inevitably an indirect method of assessing the impacts of a line of research. Seeking to capture less tangible, but no less important, effects of the ITWF program we attempted to contact the Principal Investigators for all ITWF-funded projects asking them to respond to a short series of questions about the research that the program had supported and their assessment of the impacts of the funding they had received on understanding of the issues and on their own careers. Working from the list of Principle
Investigators developed for our bibliometric investigation, we conducted Google searches to locate current email addresses for as many of the PIs as we could. This resulted in a list of 38 individuals with valid email addresses who were contacted initially in November 2014. For those who did not respond we followed up with 2 additional email messages reiterating our request for information.
We received responses from 13 of the Principal Investigators we contacted. Given the nature of our inquiry we suspect that those who responded are positively selected for their interest in the goals of the ITWF program and more likely to have had positive and productive experiences. To this extent, they cannot be interpreted as representative.
Nonetheless, they provide a partial indication of other ways in which the program affected scholarship.
For several of the scholars we contacted, ITWF funding proved to be a turning point in their careers, having a substantial impact on the trajectory of their scholarship.
Catherine Weinberger, for example, wrote:
The short version is that before I got the ITWF grant, I was working from home with barely enough funding to cover child care and a home computer. After I got this funding I had the infrastructure to pursue a full-scale research agenda (personal correspondence, Dec. 2014).
The ITWF grant supported two waves of a longitudinal survey and Dr. Weinberger has continued to collect data from more than six hundred respondents over a ten-year interval.
Another respondent, Lecia Barker observed that the ITWF-grant "largely shaped" her research career. "I've continued this work ever since the first ITWF grant (not exclusively, but primarily)" (personal correspondence, Jan. 2015). From responses of this type we can conclude that some ITWF funds nurtured great depth of scholarship with a minimal initial investment.
For other, more established scholars, the ITWF project was instrumental in a shift in research focus that lead to an ongoing interest in the issue of diversity in IT education and careers. For Jane Margolis, the ITWF funding enabled her to investigate how occupational fields become segregated and inequality is produced through specific processes at work in Computer Science and IT. She was also able to extend the scope of this research from higher education into primary and secondary education public schools. This work has led to two widely-cited books and an ongoing collaboration with Los Angeles Public Schools to expand exposure to computing to more minority and female students (personal correspondence, Dec. 2014). Science Advisory Board provides a forum for ongoing discussion of relevant scholarship and a conduit to connect theory and practice.
Discussion
This examination of the NSF ITWF program illuminates two issues. On the one hand, this exploration should help to make clear the challenges inherent in providing a holistic assessment of the impacts of a research-funding program. On the other, it is a cautionary tale about the difficulties of transforming research funding into practically useful knowledge that can be effectively deployed to address social challenges.
At first glance, the publication and citation data examined above might suggest that the intellectual merit of the ITWF program was mixed at best. Further analysis suggests that such a conclusion is premature. A more nuanced evaluation would begin by acknowledging that research, by its nature, leads to surprising and unanticipated results. Despite these tangible impacts on the research community, the understanding resulting from research to date has not, of course, translated directly into interventions capable of producing a substantial change in the composition of the IT workforce. As reflected in the success of a few computer science departments in increasing women's participation, most notably at Harvey Mudd College, there are institutional changes that can be made that have an impact. 11 The failure of these changes to be broadly adopted presumably reflects the fact that implementing change is contingent on a variety of incompletely understood factors including the willingness of academic institutions to make changes in recruitment, curriculum, financial aid, instruction and other aspects of the educational experience. More generally, mechanisms for scaling and diffusing pedagogical innovations remain more art than science.
While the tangible consequences of the ITWF program on women's participation in the IT workforce remain elusive, the publications and scholarship to which it gave rise remain central to the ongoing conversation about underrepresented groups in computing; a fact that becomes apparent from the responses of a number of the scholars who received support from the program.
Stepping back from the impacts on the IT workforce and looking at the program in its totality, this investigation also suggests some of the challenges inherent in NSF's model of investigator-driven research as a mechanism for addressing societal problems. Because the phenomena ITWF-funded investigators sought to examine were poorly reflected in existing data sets, many of the projects were obliged to collect survey, interview, or observational data about factors that influenced individual choices about education and career paths, as well as experiences in the workplace. The one-off, and in some cases haphazard, efforts at data collection that resulted might have been more productive if there had been an effort to better define the key questions that these studies were investigating and the development of a stronger infrastructure for the collection and documentation of data. Such an effort would, however, require a very different model of research funding.
Conclusion
One important rationale for funding social science research is its salience in addressing societal problems. Given the rapid growth of IT employment and the centrality of this industry as a driver of economic change in the U.S. and world economies, the low and declining participation of women and other underrepresented groups among
Computer Science degree recipients and Information Technology professionals had emerged by the mid-1990s as an important social concern and led to the establishment of an NSF program, the ITWF, to study and respond to this issue.
By examining the effects of this funding program on scholarship this article has sought to shed light on how basic social science research can respond to a pressing social problem. As this examination suggests, however, fully comprehending the effects of a research portfolio is a complicated process that cannot be reduced to a purely quantitative measurement. Although the publication outputs from the ITWF program may appear quantitatively modest, we have suggested that the NSF's investment in this program played an important role in encouraging a cohort of scholars to investigate issues of diversity in
Computer Science education and Information Technology careers and contributed to the emergence of NCWIT, which has become a focal organization for sustaining scholarship relevant to this topic and promoting continued networking between scholars.
At the same time, our investigation highlights an important structural challenge that confronts efforts to translate social science research into practice. One key challenges affecting many of the researchers supported by the ITWF program was the absence of data they needed to understand the composition of the IT workforce, and the education and labor market flows responsible for this composition. As a result, data collection became a major focus of many projects that NSF's ITWF program funded. Such one-off data collection efforts, however, experienced problems of high fixed costs and the difficulty of assembling valid and representative samples. It is quite possible these hurdles may in part account for the limited scientific impact of many of the projects the program supported. This observation suggests a weakness of the NSF's investigator-driven funding approach in its lack of any way to coordinate data collection efforts, and suggests developing more robust mechanisms for data collection may be an important factor for more effective social science research in the future.
By requiring investigators to include a Data Management Plan in their proposals, the NSF has already taken one step toward addressing this shortcoming. A key feature of such plans is an emphasis on the curation and access to data collected with NSF funding.
Nonetheless, the lack of mechanisms to coordinate data collection efforts across related investigations and the high costs of fielding well-designed data collection efforts remain.
Future research should consider whether the requirement of Data Management Plans has led to greater access to investigator-collected data sets and how this has affected research in the social sciences. 
